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Microring resonators, as a fundamental building block
of photonic integrated circuits, have been well developed
into numerous functional devices, whose performances
are strongly determined by microring’s resonance line-
shapes. We propose a compact structure to reliably
realize Lorentzian, Fano, and electromagnetically induced
transparency (EIT) resonance lineshapes in a microring.
By simply inserting two air-holes in the side-coupled
waveguide of a microring, a Fabry-Perot (FP) resonance
is involved to couple with microring’s resonant modes,
showing Lorentzian, Fano, and EIT lineshapes over one
free spectral range of the FP resonance. The quality
factors, extinction ratios, and slope rates in different
lineshapes are discussed. At microring’s specific reso-
nant wavelength, the lineshape could be tuned among
these three types by controlling the FP cavity’s length.
Experiment results verify the theoretical analysis well
and represent Fano lineshapes with extinction ratios of
about 20 dB and slope rates over 280 dB/nm. The reliably
and flexibly tunable lineshapes in the compact structure
have potentials to improve microring-based devices and
expand their application scopes.
I. INTRODUCTION
Microring resonators (MRRs) have been widely employed
for on-chip optical interconnects, nonlinear optics, and sens-
ings relying on their compact size, high quality (Q) factor,
and compatibility with the integration of other passive and ac-
tive photonic devices [1–6]. MRRs are normally side-coupled
with a bus-waveguide to access their resonant modes, yielding
periodic resonant dips (usually symmetric Lorentzian-type) in
the bus-waveguide’s transmission spectra. To carry out MRR-
based optical sensing, filtering, modulation, and switching,
transmission variations of the bus-waveguide around the reso-
nant dips are required, which are achieved by shifting MRR’s
resonance either toward or away from the signal wavelength.
To obtain a large transmission variation, a shift of the resonant
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wavelength larger than the linewidth of the resonant dip is de-
sired [7–9]. Thus, lineshapes of MRR’s resonant dips, i.e.
sharpness and linewidth, would strongly determine the per-
formances of MRR-based devices, such as power consump-
tion, sensing sensitivity, modulation depth, extinction ratio,
etc [9, 10].
Considerable works have been implemented to modify
MRR’s resonance lineshape into a Fano-type, which has an
asymmetric and sharp slope around the resonant wavelength.
As opposed to the usual symmetric Lorentzian resonances,
the wavelength range for tuning the Fano resonance trans-
mission from 0% to 100% could be much narrower than the
full linewidth of the resonance itself [9]. It therefore en-
ables devices with improved performances, such as all-optical
switches with one order of magnitude energy reduction and a
ratio-metric wavelength monitor with an ultrahigh resolution
of 0.8 pm [10–12]. Fano resonances in MRRs are normally
realized by interfering the resonance pathway with a coher-
ent background pathway. A straightforward approach is the
utilization of Mach-Zehnder interferometers (MZIs), where
MRRs are either side-coupled to one arm of a MZI or inserted
into a MZI to cause the two resonant beams propagating in the
MRRs to interfere. MZI’s excess waveguide-arms allow easy
tunability of Fano lineshapes. Unfortunately, MRR devices
incorporating MZI lose their compactness. By coherently
coupling multiple resonant modes from multi-MRRs into one
bus-waveguide, Fano resonances could also be realized. Nev-
ertheless, it is challenging to achieve precise structure designs
and device fabrications [13, 14]. Also, more MRRs generate
a larger footprint.
It is also possible to alter the MRR’s resonance into an
EIT lineshape, showing a narrow transparency peak resid-
ing in a broad transmission valley. It has potentials in ultra-
dense on-chip wavelength division multiplexer [15] as well
as enhancing the cavity’s finesse [16]. EIT resonances orig-
inate from coherent interferences between coupled resonant
modes. They are realized in structures consisting of two or
more MRRs coupled with a bus-waveguide or a MZI [15, 17–
19], which have large device footprint and require rigorous
considerations of the resonant modes’ overlap. In addition,
while Lorentzian, Fano, and EIT resonance lineshapes have
different functionalities, to the best of our knowledge, a MRR-
based structure supporting these three lineshapes simultane-
ously has not been reported. Also, the modification of res-
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2onance lineshapes at a specific wavelength among the three
types by simply tuning the structure parameters is desired.
In this letter, we demonstrate that, by simply coupling a
MRR with a bus-waveguide inserted with two air-holes, as
shown schematically in Fig. 1(a), all of the above mentioned
resonance lineshapes could be realized. The structure is com-
pact and promises great design and fabrication tolerances. The
two air-holes constitute a low-finesse FP cavity in the bus-
waveguide, producing broadband resonant peaks to couple
with MRR’s multiple resonant modes. Here, the air-holes are
designed with circular shapes, considering their less fabrica-
tion imperfections than air-holes with triangular or rectangu-
lar shapes. The transmission spectrum of the coupled system
is analyzed by the transfer matrix method. Lorentzian, Fano,
and EIT resonance lineshapes are obtained over a free spectral
range (FSR) of the FP cavity. For a specific resonant mode of
the MRR, its lineshape could be tuned readily among the three
types by changing the distance between the two air-holes. The
results of the theoretical analysis are verified experimentally
by devices fabricated on a silicon-on-insulator chip. Different
from the previously reported structures, the proposed design
has only one MRR and a bus-waveguide, and thus making it
very compact. In addition, the broadband resonances of the FP
cavity facilitate their overlaps with MRR’s narrowband reso-
nances. Thence, it is not necessary to carefully consider the
design and fabrication of the two air-holes.
(a)
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220 nm
500 nm
(b)
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FIG. 1. (a) Schematic and (b) theoretical model of the proposed
structure, where the MRR is coupled with a bus-waveguide inserted
with two air-holes. (c) Calculated transmission spectra of a bus-
waveguide with two air-holes (FP), and a MRR coupled with a bus-
waveguide with (FP-MRR) and without (WG-MRR) air-holes. (d)
Simulated transmission spectrum of the FP-MRR structure using a
FDTD method.
II. MODEL AND THEORY
The transmission spectrum of the proposed structure could
be obtained by applying a transfer matrix analysis on the
model shown in Fig. 1(b) [9]. The bus-waveguide has the
forward (backward) propagating mode with the input and out-
put of a1 (b1) and a2 (b2), respectively. The two air-holes
work as partial reflectors of the propagating modes in the bus-
waveguide. For simplicity, they are designed with the same
diameters. With an amplitude reflection coefficient of rh, one
of the air-holes generates a transfer matrix for the propagating
mode of
Mh =
1
i
√
1− rh2
[−1 −rh
rh 1
]
(1)
The two air-holes are located at distances of l1 and l2 to
the waveguide-MRR coupling point. When light propagates
through the two waveguide sections, the transfer matrixes are
determined by the phase shifts in the form of
Ml1 =
[
ei2pinl1/λ 0
0 e−i2pinl1/λ
]
,Ml2 =
[
ei2pinl2/λ 0
0 e−i2pinl2/λ
]
(2)
Here, n is the effective refractive index of the propagating
mode, and λ is the operating wavelength. In MRRs, the res-
onances are traveling-waves, and the backward scattering in
the waveguide-MRR coupling could be neglected [20]. For
a forward or backward waveguide mode propagating through
the coupling point, its transmission spectrum is governed by
tR(λ) =
t−aei2pinLR/λ
1−taei2pinLR/λ [21], where t is the field transmis-
sion coefficient at the waveguide-MRR coupling region, and
a = exp(−αLR) is the round trip amplitude for a MRR with
perimeter LR and linear loss coefficient α. The correspond-
ing transfer matrix for an incident light after the directional
waveguide-MRR coupling could be described as
MR =
[
tR 0
0 1
]
(3)
The transfer matrix equation for the incoming and outgoing
wave amplitudes of the entire coupled system is governed by[
b1
a2
]
=MhMl2MRMl1Mh
[
a1
b2
]
(4)
To be consistent with the common operations of MRR-based
devices, we consider only the left input port has an incoming
normalized light, i.e., a1 = 1, b1 = 0. The final power trans-
mission spectrum of the coupled system could be calculated
as
T (λ) =
∣∣∣∣a2a1
∣∣∣∣2 =
∣∣∣∣∣ (1− r2h)tR(λ)e
i2pinl
λ
1− r2htR(λ)e
i4pinl
λ
∣∣∣∣∣
2
(5)
where l = l1 + l2.
We could transform Eq. 5 into a straightforward form to in-
dicate the coupling between the MRR and FP cavity, as shown
3below
T (λ) =
∣∣∣∣∣ (1− r2h)e
i2pinl
λ
1− r2he
i4pinl
λ
∣∣∣∣∣
2
|tR(λ)|2
∣∣∣∣∣ 1− r2he
i4pinl
λ
1− r2htR(λ)e
i4pinl
λ
∣∣∣∣∣
2
(6)
On the right side of Eq. 6, the first and second terms are sole
transmissions of the FP cavity and the side-coupled MRR,
respectively; the third term indicates their resonance cou-
pling. By assuming rh = 0, i.e., no air-holes in the bus-
waveguide, the transmission spectrum of a conventional bus-
waveguide coupled MRR could be calculated from Eq. 6, as
displayed in the red curve (WG-MRR) of Fig. 1(c). Here,
the parameters of the waveguide-coupled MRR are t = 0.9,
a = 0.99, nLR = 200 µm, and the spectrum is calculated
over a range of 1,400-1,700 nm. Periodic resonant dips with
a FSR of ∼12 nm are obtained. Because t 6= a, the extinc-
tion ratio (ER) of the dips is not high, which is calculated as
10 log10(
1−ta
t−a )
2 = 1.67 dB. Their quality (Q) factors deter-
mined by t and a are estimated as 3,500.
In another case, if we modify t = 1, a = 0 and set the two
air-holes with parameters of nl = 10 µm and rh = 0.78, no
MRR is coupled with the bus-waveguide. The coupled sys-
tem’s transmission is determined only by the FP cavity of the
two air-holes. The calculated transmission from Eq. 6 is plot-
ted as shown by the green curve (FP) in Fig. 1(c). When
the phase delay between the two air-holes δ = 2pinl/λ is
an integer multiple of pi, there are resonant peaks with broad
linewidths (Q≈87) due to the low reflection coefficients of the
air-holes. The ER of the resonant peaks is 10 log10(
1+r2h
1−r2h
)2 =
12.47 dB.
The blue curve in Fig. 1(c) displays the transmission spec-
trum of a coupled system (FP-MRR) with parameters of t =
0.9, a = 0.99, nLR = 200 µm, nl = 10 µm and rh = 0.78,
which includes both the MRR and FP cavity. Because of cou-
plings between their resonances, Lorentzian, Fano, and EIT
resonance lineshapes are realized simultaneously over each
FSR of the broad FP oscillation background. At a FP cavity’s
resonant peak, i.e., δ is an integer multiple of pi, if there is a
resonance of MRR, their coherent overlap gives rise to a sym-
metric Lorentzian resonant dip. As indicated in Fig. 1(c), the
Lorentzian resonant dips in the transmissions of WG-MRR
and FP-MRR have significantly different ERs and Q factors.
While the maximum transmissions around the dips of WG-
MRR and FP-MRR are similar, the bottom of the FP-MRR dip
reduces to an ultralow value of 0.0443, resulting in a greatly
improved ER of 10 log10(
1−ta−r2h(t−a)
(1−r2h)(t−a)
)2 = 13.54 dB. In ad-
dition, for the optical field of the resonant mode in the FP
cavity, it will couple with the MRR many times during its
backward and forward reflections, which therefore introduces
extra waveguide-coupling losses to the MRR and represents a
decreased Q factor. The Q factor of the Lorentzian dip in the
FP-MRR is estimated to be 1,000 by a Lorentzian fitting.
At a specific wavelength, if the phase delay between the
two air-holes δ is an odd multiple of pi/2, the FP cavity is
in a completely destructive interference state. A MRR’s res-
onance coupled with this state would generate an EIT trans-
parency peak over the broad transmission valley, as illustrated
in Fig. 1(c). Calculated from Eq. 6, ER of EIT lineshape has a
value of 10 log10(
(1+r2h)(t−a)
1−ta+r2h(t−a)
)2 = 8.67 dB, which is larger
than the ER of the Lorentzian resonant dips in WG-MRR. Its
Q factor is estimated as 13,000 by a Lorentzian fitting, which
is much higher than that of the resonant dips in WG-MRR.
This increasedQ factor in the EIT lineshape represents an im-
provement of photon’s lifetime and finesse of the MRR by
adding a FP cavity in the bus-waveguide. An optimized pa-
rameter could be derived for a much higher ER; for instance,
ER = 13 dB is obtained for rh = 0.9. The destructive in-
terference between the two air-holes results in a weakened
waveguiding mode around the waveguide-MRR coupling re-
gion, which therefore reduces the waveguide-MRR coupling
coefficient. For light resonant in the MRR, less waveguide-
coupling loss therefore promises an improved Q factor. In
conventional waveguide-MRR coupling systems, to achieve
transmission peaks, an additional drop-waveguide is required
to couple with the MRR [20], which makes the device compli-
cated and produces more coupling losses in the MRR. In the
proposed FP-MRR, the EIT lineshape provides a transmission
peak with only one bus-waveguide and the linewidth is much
narrower, potentially expanding compact MRR’s applications
in nonlinear optics, sensing, filtering, and switching.
(a)
(b)
(c)
(d)
FIG. 2. (a) ERs, (b) Q factors, (c) SRs, and (d) Fano parameters (q)
of the different resonance lineshapes in the FP-MRR spectrum with
the parameter nLR equalling to 200 µm (blue curves with squares)
and 400 µm (scattered triangular points).
4When δ is in the ranges of (kpi, kpi + pi/2) and (kpi +
pi/2, kpi + pi), where k is an integer, the waveguiding modes
are off-resonance from the FP cavity. Their couplings with
MRR’s resonances give rise to Fano resonance lineshapes
over the slopes of the FP oscillation background, as shown
in Fig. 1(c). The Fano resonance lineshapes depend critically
on the resonant wavelengths with respect to the FP resonant
peaks. At different sides of the FP resonant peaks, the asym-
metric directions of the Fano resonances are opposite.
The above obtained resonance lineshapes are further ver-
ified by mode simulations using a finite difference time do-
main (FDTD) technique (Lumerical Inc.). In the modelled
FP-MRR, the bus-waveguide and MRR have the same height
and width of 220 nm and 500 nm, and the refractive index
is chosen as 3.4. The MRR has a radius of 7.2 µm, and
is coupled with the bus-waveguide with a gap of 100 nm.
Two circular air-holes with a radius of 160 nm are inserted
in the bus-waveguide with a distance of 2.8 µm. The simu-
lated transmission spectrum of the proposed FP-MRR is plot-
ted in Fig. 1(d), showing consistent results with the theoreti-
cal prediction (blue curve in Fig. 1(c)). Lorentzian dips and
EIT transparency peaks are obtained at the resonant peaks and
transmission valleys of the FP oscillation background, respec-
tively. There are Fano resonance lineshapes over the slopes of
FP cavity background.
To describe distinct features of the three types of lineshapes,
we plot ERs, Q factors, slope rates (SRs), and Fano parame-
ters q [7] of the resonance lineshapes in the FP-MRR spectrum
(blue curve in Fig. 1(c)). While ERs of the Lorentzian and
EIT resonance lineshapes could be deduced from Eq. 6, Fano
resonance’s ER has no explicit expression. From the trans-
mission spectrum of the FP-MRR, ERs are calculated numer-
ically by counting the maximum and minimum around each
resonance, as shown in Fig. 2(a). Fano resonances’ ERs are
between those of the Lorentzian and EIT resonances; ERs for
all the resonance lineshapes present a sine-like function with
wavelength. Q factors of the three resonance lineshapes are
extracted as well by fitting them with Lorentzian or Fano func-
tions, as illustrated in Fig. 2(b). The maximum and minimum
Q factors are achieved in EIT and Lorentzian resonances, re-
spectively, while Fano resonances have Q factors lying be-
tween them. Different Q factors are attributed to the varied
coupling strengths between MRR and waveguiding modes,
which are determined by the interference states of the optical
field confined by the two air-holes in the bus-waveguide.
SR, as another important figure of merit for resonance line-
shapes, is calculated by taking derivations of the slopes in the
resonance lineshapes. It determines the wavelength range for
tuning the transmission between maximum and minimum. A
calculated SR spectrum for the resonance lineshapes is plot-
ted in Fig. 2(c). For the symmetric Lorentzian and EIT res-
onance lineshapes, the SR is determined by the Q factors,
i.e., linewidths. Lorentzian (EIT) resonance with the lower
(higher) Q factor has smaller (larger) SR. Note that for Fano
resonances with asymmetric lineshapes, the SRs could be
higher than that of the EIT resonance, though the Q factors
might be lower. It would promise devices with higher perfor-
mances relying on the much narrower wavelength range for
switching the maximum and minimum transmissions, while
its ER is not the highest (as shown in Fig. 2(a)). Fano parame-
ter q characterizes the specific asymmetric profile of the Fano
lineshape [7], which is estimated by fitting them with Fano
functions, as plotted in Fig. 2(d). A cotangent-like function
is obtained for different q at the resonances, showing q = 0
(q = ±∞) at the Lorentzian (EIT) resonance. Additionally,
both of the Lorentzian dips and EIT peaks in the FP-MRR
have the same central wavelengths as those of the Lorentzian
dips in the WG-MRR. However, the maximum and minimum
of the Fano lineshapes shift slightly from the WG-MRR’s res-
onant wavelengths due to the complex interference mecha-
nism.
We also study the resonance lineshapes of another FP-MRR
by changing the MRR’s perimeter into nLR = 400 µm. With
the same principle of mode interferences, Lorenzian, Fano,
and EIT resonance lineshapes are obtained. The figure of
merits of the resonance lineshapes are displayed in the scat-
tered triangular points of Fig. 2, which have the same trends
as those in FP-MRR with perimeter of nLR = 200 µm (see
blue curves with squares in Fig. 2). The calculated ER, Q,
SR, and q of this FP-MRR with larger perimeter could be ex-
plained according to the above analysis. Because of less scat-
tering loss for the larger MRR, the Q factors are increased for
the resonant modes. As a result, SRs, which are mainly deter-
mined by the resonance linewidth, have much higher values
for the FP-MRR with larger MRR. Since the coupling gap be-
tween the MRR and bus-waveguide is not changed, the factors
of ER and q are almost unmodified.
III. EXPERIMENTAL RESULTS
To verify the above theoretical analysis, we fabricate the
proposed MRR device on a silicon-on-insulator chip with a
220 nm thick top silicon layer and a 2 µm thick buried oxide
layer. Electron beam lithography is used to define the device
patterns, which are then transferred onto the top silicon layer
by inductively coupled plasma etching. Grating couplers with
two-dimensional air-hole arrays are designed at both ends of
the bus-waveguides [22]. The bus-waveguide and MRR are
designed with the same width of 500 nm, and their coupling
gap is 120 nm. Figure 3(a) displays an optical microscope
image of the fabricated device, where the MRR has a radius
of 80 µm. The scanning electron microscope (SEM) image
of the waveguide-MRR coupling region is shown in Fig. 3(b),
displaying the two air-holes with a distance of 20 µm and a
radius of 150 nm.
The fabricated devices are characterized by coupling a nar-
rowband tunable laser (TL) into the input grating coupler, and
the transmission powers are monitored using a photodiode.
By tuning the TL wavelength over a range of 1,557-1,583 nm
in steps of 0.02 nm, the device transmission spectrum could be
analyzed. The black line in Fig. 3(c) shows the result of the
measurement from the device shown in Fig. 3(a). Confined by
the two air-holes, the waveguide transmission presents FP os-
cillations with FSRs of about 14 nm. Superimposed on them
are the various lineshapes of the MRR’s resonances. On the
5(a) (b)
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FIG. 3. (a) Optical microscope image of one of the fabricated de-
vice; (b) SEM image of the waveguide-MRR coupling region with
two air-holes inserted in the bus-waveguide; (c) Measured transmis-
sion spectrum of the fabricated device (black line) and fitting result
by Eq. 5 (red dashed line), showing Lorentzian, Fano, and EIT reso-
nance lineshapes over the FP oscillations.
top of the FP oscillation(at the wavelengths of 1563.9 nm and
1578.4 nm), the symmetric Lorentzian resonance dips are ob-
served. Fano resonance lineshapes with opposite asymmetric
directions are formed on both sides of the FP slopes. At the
valley of the FP background (at 1570.5 nm), an EIT trans-
parency peak presents at the transmission valley of the FP
oscillation background. These experimental results are con-
sistent with the predictions in Fig. 1.
As shown in the red dashed line of Fig. 3(c), the experimen-
tal result is fitted by the theoretical prediction of Eq. 5 with
parameters of t = 0.75, a = 0.96 and rh = 0.61, presenting
their good consistency. Both of them have Lorentzian, Fano,
and EIT resonance lineshapes at the corresponding resonant
wavelengths. However, because of fabrication imperfections,
ERs of the FP oscillations are lower than the theoretical val-
ues since the lower reflectivities of the air-holes, which also
causes that the EIT peaks are not as prominent as the theoreti-
cal fitting. From the experiment measurements, the maximum
ERs and SRs of the Fano resonances are estimated as 20 dB
and 280 dB/nm, respectively, averaged over tens of devices.
The values calculated from the corresponding theoretical pre-
dictions are 30 dB and 450 dB/nm, respectively. By optimiz-
ing the fabrication processes in future devices, better figure of
merits are expected from the proposed structure.
IV. CONCLUSIONS
In conclusion, we demonstrated a compact structure for
realizing Lorentzian, Fano and EIT resonance lineshapes in
a waveguide side-coupled MRR. By adding two air-holes
into the bus-waveguide, all of the three lineshapes could
be obtained simultaneously in the waveguide transimission.
For a specific resonance, its lineshape could be designed
reliably by changing the distance between the two air-holes.
The different resonance lineshapes achieved flexibly in the
proposed structure promise great potentials to expand MRRs’
applications in optical interconnects, nonlinear optics, and
sensing.
ACKNOWLEDGMENTS
Financial support was provided by National Natu-
ral Science Foundations of China (61522507, 61775183,
11634010); the Key Research and Development Program
(2017YFA0303800, 2018YFA0307200); the Key Research
and Development Program in Shaanxi Province of China
(2017KJXX-12); the Fundamental Research Funds for the
Central Universities (3102018jcc034, 3102017jc01001).
[1] Stern B, Ji X, Okawachi Y, et al. Battery-operated integrated
frequency comb generator. Nature 2018;562:401-5.
[2] Jang JK, Klenner A, Ji X, et al. Synchronization of coupled
optical microresonators. Nat Photonics 2018;12:688-93.
[3] Sun C, Wade MT, Lee Y, et al. Single-chip microprocessor that
communicates directly using light. Nature 2015;528:534-8.
[4] Kippenberg TJ, Holzwarth R, Diddams SA. Microresonator-
based optical frequency combs. Science 2011;332:555-9.
[5] Ferdous F, Miao H, Leaird DE, et al. Spectral line-by-line pulse
shaping of on-chip microresonator frequency combs. Nat Pho-
tonics 2011;5:770-6.
[6] Zhang W, Serna S, Le RX, et al. Highly sensitive refractive in-
dex sensing by fast detuning the critical coupling condition of
slot waveguide ring resonators. Opt Lett 2016;41:532-5.
[7] Limonov MF, Rybin MV, Poddubny AN, et al. Fano resonances
in photonics. Nat Photonics 2017;11:543-54.
[8] Chao CY, Guo LJ. Biochemical sensors based on polymer mi-
crorings with sharp asymmetrical resonance. Appl Phys Lett
2003;83:1527-9.
[9] Fan, S. Sharp asymmetric line shapes in side-coupled
waveguide-cavity systems. Appl Phys Lett 2002;80:908-10.
[10] Mario LY, Darmawan S, Chin MK, et al. Asymmetric Fano
resonance and bistability for high extinction ratio, large
modulation depth, and low power switching. Opt Express
2006;14:12770-81.
[11] Heuck M, Kristensen PT, Elesin Y, et al. Improved switching
using Fano resonances in photonic crystal structures. Opt Lett
2013;38:2466-8.
[12] Wang G, Shen A, Zhao C, et al. Fano-resonance-based ultra-
high-resolution ratio-metric wavelength monitor on silicon. Opt
Lett 2016;41:544-7.
[13] Tobing LYM, Dumon P, Baets R, et al. Box-like filter response
of two-dimensional array of microring resonator fabricated in
silicon-on-insulator technology. Group IV Photonics, 2008 5th
IEEE International Conference on, IEEE.
[14] Darmawan S, Landobasa YM, Chin MK. Phase engineering
for ring enhanced Mach-Zehnder interferometers. Opt Express
2005;13:4580-8.
[15] Mancinelli M, Guider R, Bettotti P, et al. Coupled-resonator-
induced-transparency concept for wavelength routing applica-
tions. Opt Express 2011;19:12227-40.
[16] Tobing LYM, Lim DCS, Dumon P, et al. Finesse enhancement
in silicon-on-insulator two-ring resonator system. Appl Phys
Lett 2008;92:101122.
[17] Darmawan S, Landobasa YM, Dumon P, et al. Resonance en-
hancement in silicon-on-insulator-based two-ring MachZehn-
6der interferometer. IEEE Photonics Technol Lett 2008;20:1560-
2.
[18] Smith DD, Chang H, Fuller KA , et al. Coupled-resonator-
induced transparency. Phys Rev A 2004;69:063804.
[19] Totsuka K, Kobayashi N, Tomita M, et al. Slow light
in coupled-resonator-induced transparency. Phys Rev Lett
2007;98:213904.
[20] Bogaerts W, De HP, Van VT, et al. Silicon microring resonators.
Laser Photonics Rev 2012;6:47-73.
[21] Heebner J, Grover R, Ibrahim T, et al. (2008). Optical microres-
onators: theory, fabrication, and applications, Springer Science
& Business Media.
[22] Liu L, Pu M, Yvind K, et al. High-efficiency, large-bandwidth
silicon-on-insulator grating coupler based on a fully-etched
photonic crystal structure. Appl Phys Lett 2010;96:051126.
